Effect of sera from carbon-treated and/or irradiated mice on the colony-formation in the X-irradiated recipient mice was studied with respect to 'colony-enhancing factor(s)' and the effect of 'RES-blockade' on these factor(s).
INTRODUCTION
It has been suggested that the regeneration of haemopoietic stem cells may be controlled by direct cell to cell interaction or by some humoral factor(s).'-') We have reported that reticuloendothelial system (RES)-blockade, which protects animals from radiation-lethality,5'6' provides the animals with a favorable microenvironment for the recovery of irradiated haemopoietic stem cells'-0' by the enhancement of the structural control mechanism of RES on parenchymal cells?,"' A recent experiment has also shown that there might be some humoral factor(s), presumabily produced by the carbon-treated RES, which potentiates the colony-formation on the macro phage-covered cellulose-acetate membrane in the peritoneal cavity of mice."' In the present experiments, sera from carbon-treated mice were examined for their ability to enhance the recovery of haemopoietic stem cells, and so to obtain further information with respect to ` colony-enhancing factor(s) ' and the effect of ` RES -blockade' on these factor(s) in vivo.
MATERIAL AND METHODS
Male ICR-JCL mice, 9 weeks old at the start of the experiments were used. Groups of not less than 20 mice were used both for the serum donors and for the recipients for each experimental point. Irradiation was performed using a 200 kV-25 mA unit with a filter of 0.3 mm Al ±0.5 mm Cu, at a dose rate of 50 R/min.
Carbon suspension was prepared by diluting India ink (Pelikan C11/1431a) with physiological saline to a concentration of 50 mg/3l. Ten milligrams (0.2 ml) of carbon particles were injected i.v. into each mouse. Donor mice were irradiated with 600 R of X-rays with or without administration of carbon particles 24 hr prior to irradiation, and their blood were taken from retro orbital plexus at various times after irradiation.
Sera from (a) non-irradiated mice treated with carbon particles and (b) normal mice were used for controls.
Sera were kept frozen until use. Recipient mice were injected i.p. with 0.3 ml of the pooled sera 24 hr before or at times after irradiation.
After 10 days, the mice were killed, their spleens removed and scored for colonies after being fixed in Bouin's solution.
RESULTS
Effect of serum from irradiated mice on endogenous spleen colony-formation Donor mice were exposed to 600 R of X-ray with or without administration of carbon particles 24 hr prior to irradiation.
Sera were taken at times after irradiation and their colony enhancing activities were tested by injecting an aliquot of 0.3 ml 24 hr before irradiation of the recipient mice. The results are summarized in Table 1 . Number of peripheral leukocytes was increased beyond the normal value by the treatment with the serum from carbon-injected and irradiated mice. Ten days after the irradiation of mice with 600 R of X-rays, 1.5 endogenous colonies were observed in the spleen. Normal serum given 24 hr prior to irradiation of the mice did not affect the number of colonies.
By pretreatment with serum from irradiated mice, the number increased to about twice the control value. Sera from carbon-treated mice had a similar effect and those from carbon-treated and X-irra diated mice had a stronger effect, the number of colonies per spleen being 3 times control.
Such an enhancing activity was observed in the sera taken up to 24 hr after irradiation of donor mice, and thereafter the activity decreased down to twice con trol value.
Effect of carbon-treatment on the concentration of ` colony-enhancing factor(s) '
As the sera from the mice which had been injected with carbon particles alone had a similar effect on the spleen colony-formation as those from irradiated mice, the effect of carbon-treatment on ` colony-enhancing factor(s) ' was studied. Sera were taken at times after the injection of carbon particles, and administered i.p. into the recipient mice 24 hr before irradiation and their effects on the number of spleen colonies were determined 10 days later.
As shown in Table 2 , sera taken at any time from carbon-treated mice increased the number of endogenous spleen colonies in the irradiated recipient mice to about 3 times the control value, while serum from normal mice had no effect. Mean + S.E. 0.3 ml serum was injected i.p. 24 hr before irradiation. a Serum was obtained 3 hr after the irradiation of donor mice with 60O R of X-rays . b Serum was obtained 3 hr after the irradiation of donor mice which had been injected with 10 mg carbon particles 24 hr prior to irradiation. c Serum was obtained 1 day after the injection of carbon particles . Table 2 Effect of carbon-treatment on concentration of ' colony-enhancing factor(s) ' in mouse serm Mean ± S.E. 0. 3 ml serum was injected i.p. into each mouse 24 hr before irradiation. Table 3 Effect of serum given before or after irradiation on endogenous spleen colonies of irradiated mice Mean ± S.E. a Sera were obtained 48 hr after the injection of carbon particles , and 0. 3 ml aliquots were injected i.p. into 600 R-irradiated mice. b Sera were obtained 24 hr after irradiation (i.e. 48 hr after injection of carbon particles). Table  4 Effect of serum on spleen weight 0. 3 ml serum was injected i.p. and the weight of the spleen was determined 24 hr later. a Mice were injected with serum taken 6 hrs after the injection of carbon particles i.v.
into the donor mice.
Effect of sera given after the irradiation of recipient mice on endogenous spleen colony formation Effect of sera was tested to elucidate whether or not they were effective when given after irradiation of the recipient mice. Sera were obtained 24 hr after irradia tion (48 hr after injection of carbon particles) of donor mice, and an aliquot of 0.3 ml was injected i.p. either 24 hr before or 3 hr after irradiation of the recipient mice. The data shown in Table 3 clearly demonstrate that there was no effect if sera were given after irradiation.
Effect of sera on the spleen cellularity
The data in Table 3 , indicating that sera should be given prior to irradiation, suggest that the increased number of spleen colonies may be due to an alteration in the condition of the spleen. As Lord and his colleague reported that the seeding efficiency of CFU depends on the spleen cellularity12,13> and as foreign serum is known to cause hyperplasia of the spleen"' the effect of serum administration on the spleen weight was studied.
Serum was injected i.p. at a dose of 0.3 ml and the spleen weights of the recipient mice were measured 24 hr later, the time at which irradia tion was carried out in the other experiments.
As shown in Table 4 , the spleen weight and its relationship to the body weight was unaffected regardless of the serum used.
DISCUSSION
The results of the present experiments may be summarized as follows: i) treat ment of irradiated mice with serum from carbon-injected and irradiated mice resulted in the significant increase of CFU in the spleen, ii) there were no apparent differences among the spleens of variously treated mice in their weights and iii) the sera were effective only when they were given before the irradiation of the recipient mice.
The main purpose of the present investigation was to obtain direct information whether or not there are any humoral factor(s) which enhance spleen colony-forma tion in irradiated mice especially in the mice treated with carbon particles before irradiation as suggested by the previous study." ' If there are any serum factor(s) which directly affect the colony-forming cells, they should be effective even when given shortly after irradiation.
That the serum was effective in enhancing colony-formation in the spleen only when it was given before irradiation of the recipient mice, seems to exclude this possibility. However, it is possible that the dose of serum used might have been too small to cause any measurable effect when given after irradiation, since the effect was rather small even when the serum was given before irradiation.
In support of this possibility, treat ment of mice with carbon particles was also much more effective when given before irradiation',").
It would be, however, also true that there are some humoral factor(s) in the serum of carbon-treated and/or irradiated mice. The fact that the serum from the mice treated with carbon particles alone had the favorable effect suggests that the factor(s), if any, may be attributable to a non-specific factor(s) released as a result of inflammation.
As it is also known that the recovery and/or proliferation of irra diated haemopoietic stem cells gets stronger enhancement in the spleen than in the bone marrow,"' such a factor or factors may affect haemopoietic stem cells mainly in the spleen.
Concerning the mode of action of these sera, it is likely that the sera changed the physiological state of the recipient mice in favour of colony-growth or survival of haemopoietic stem cells when given sufficiently before irradiation. As foreign serum is known to cause hyperplasia of the recipient spleen"' and as the seeding effieciency of colony-forming cells is also known to depend on the residual cellularity of the spleen of the recipient mice ,12'13' the weight of the spleen was measured after the administration of serum. Although the spleen weight is too gross a measure ment to represent the cellularity of the spleen, it may be said that there is no ap parent difference to explain adequately the increase in the number of colonies in the spleen as the result of increased splenic cellularity. Previous studies also showed that there was no difference in the efficiency of the carbon-treated spleen to trap haemopoietic stem cells from that of the control spleen," nor was there any change in the number of total cells or of CFUs in the spleen or in the bone marrow 24 hours after carbon-treatment."" Although there may be a difference in the effect between carbon-treatment and the treatment with the serum from carbon-treated mice, such results as above seems to rule out the possibility of the increase of the number of stem cells in the spleen at the time of irradiation or the increased immigration of stem cells into the spleen after irradiation as a possible mechanism.
Alternative interpretation, therefore, might be that the serum from carbon-treated or irradiated mice had changed the physiological condition of the spleen stroma, e.g. the reticuloendothelial system. This could conceivably have provided a more favorable microenvironment for the recovery of colony-forming cells as suggested in the previous reports.',"'
Since the blockade of RES has been suggested to be partially responsible for the radioprotective effect of carbon particles,'," the lack of the blockade of RES in the recipient mice in the present experiments may also ex plain the weak effect of humoral factor(s) on the colony-formation in the irradiated spleen and on the macrophage layers in the peritoneal cavity."' The fact that the serum was effective only when given before irradiation of the recipient mice, is essentially the same as that reported by Schooley and Lin.14' They observed that the injection of foreign serum after irradiation into host mice had no effect on the growth of CFU in the spleen. In the previous investigations, we found that the treatment of mice with carbon particles was effective when given either before or after the irradiation of the animals,'," and a more detailed investigation is required to elucidate this apparent discrepancy.
